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PEPTIDE COMPLEXES HAVING ENHANCED STABILITY 

Descrlp1:ion 

Background 

Proteins have a key role in essentially every 

5 biological process ♦ For example, they serve as enzymes, 

fTinction in transport and storage of many small molecules 

and ions, control expression of genetic information, are 

critical in immune response to and protection against 

foreign substances and are themselves antigenic (i.e., 

10 their introduction into a host which recognizes them as 

foreign or nonself elicits an immune response) • 

The basic structural components of proteins are 

amino acids, each of which consists of a carbon atom (an 

alpha carbon), to which is bonded an amino group, a 

15 carboxyl group, a hydrogen atom and a distinctive side 

chain or R group. Amino acids are linked by peptide or 

- amide bonds , in which the alpha-carboxyl group of one 

amino acid is joined to the alpha amino group of a second 

amino acid^ to form polypeptide chains. Each amino acid 

20 unit within a polypeptide chain is referred to as an 

amino acid residue. The main chain or backbone of a 

polypeptide chain is the regularly repeating unit 

HO 
t II 
N C C 

H 

of the chain; in addition, there is a variable part of 
25 the chain, which is made up of the distinctive side chain 
or R group of each amino acid in the polypeptide. The 
polypeptide chain generally has considerable flexibility. 
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wiiich resvLLts from free rotation of atoms around the 
bonds between ttiem. 

As a result, a protein molecule wbicli is made up of 
one or more polypeptide chains/ can, in theory, take on 

5 any one of many different three-dimensional shapes or 
conforma-txons. However, most polypeptide chains fold 
into only one of the possible conformations and the 
conformation a protein assumes under biological 
conditions is determined by the amino acid sequence of 

10 the polypeptide chain (s) malcing up the protein. For 

exEunple, interactions between the amino acid side chains 
and between amino acids smd water contribute to the force 
which gives one conformation of a protein particular 
. stability. ln^ortant factors contributing to the 

15 conforma'tion ta3cen by a giv^ protein are the occurrence 
and distT-ibuti on of polar and nonpolar side chains and 
the formation of disulfide bonds (or S-S bridges) between 
cysteine-SH groups close to one another in a folded 
polypeptide chains Generally> the result is thafe a :: 

20 protein molecule folds spontaLneously into a 

characteristic and unique conformation (e.g., compact and 
globular or long and fibrous) • 

Although the total conformation of each protein 
molecule is unique, there are several patterns of folding 

25 which have been found to occur repeatedly. Two patterns 
occur particularly often because they are the result of 
hydrogen bonding between peptide bonds in a protein, 
rather than of side chain interactions. 

The first of thietse two folding patterns, called an 

30 alphar-helix/ results when a polypeptide chain turns 
regularly around itself. This results in a rigid 
cylinder or rod, in which the coiled peptide chain is the 



wo 89/01943 



PCr/US88/03033 



-3- 

inner part of the rodlike structure and the amino acid 
side chains or R groups extend outward. Hydrogen bonds 
between NH groups and CO groups of the main peptide chain 
stabilize the alpha-helix* 
5 The second of the folding pattern, called a beta 

pleated sheet, is very different from the alpha-helix • 
For example, the former is a sheet in which the 
polypeptide chain is almost fully extended and the latter 
is tightly coiled^ Stabilization of beta-sheets results 

10 from hydrogen bonds between NH groups and CO groups in 
different polypeptide chains in the protein molecule • 
Adjacent strands in a beta-sheet can be parallel (i.e., 
they run in the same direction) or anti-parallel (i.e», 
they run in opposite directions) . 

15 Proteins have been shown to exhibit different 

"levels" of organization structurally • A protein *s amino 
acid sec[uence is the first level; this is often referred 
to as the protein's primary structure o The second level 
of protein folding or structure is formed by 

20 hydrogen-bond interactions of cuaino acids which are 
located close to one another. The alpha-helix and the 
beta-sheet are examples of secondary structure? many 
other types of secondary structure have been defined, on 
the basis of the dihedral angles formed between adjacent 

25 peptide bonds. The third level of protein folding 

(tertiary structure) is formed by interactions between 
amino acid residues which are far apart in the amino acid 
(linear) sequence. Finally, quaternary structure refers 
to the manner in which the multiple polypeptide chains 

30 which make up a protein are packed together • 

The critical determinant of a protein's function is 
its conformation, or the three-dimensional arrangement of 
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its component:^. It appears tliat proteins fold, and 
adxieve their characteristic conformations, by the 
association or interaction of short regions or stretches 
din them which transiently assume an alpha-helical or 

5 beta-sheet form. 

In general, short peptides which have the €imino acid 
sequence corresponding to the amino acid sequence in a 
region of a native or intact protein do not, xander 
physiological conditions, assume the same conformation as 

10 does the equivalent region in the native protein. As a 
result, peptides or protein "fragments" usually do not 
have the same f xinct ional characteristics ( e . g • , as 
enzymes, antibodies, antigens, etc») as those evidenced 
by the intact fragment Cthe equivalent region in the 

15 complete or native protein) • 

Conside r able effort has been made to develop short 
chains of amino acids, or polypeptides, which fold into 
the native structure of the whole protein, in the hope of 
prodxictng polypeptides with stable structure and the 

20 functional characteristics of the intact protein. This 
has received particulcur attention in the area of 
synthetic vaccine development, but with limited success. 
For example, Lemer and co-workers ajid Doolittle and 
co-workers describe synthetic vaccines which are 

25synthetic peptides/ short protein chains designed to mimic 
a very small region of the outer coat of a virus. They 
have attempted to select short amino : acid sequences which 
occur in regions of the virus (i.e., the surface of the 
folded protein antigen) which elicit an ijnmune response 
30 when introduced into a host and to determine whether 

antibodies to a peptide will react with the entire virus. 
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For exaiaple, in U.S. 4^544,500, Bittle and Lerner 
describe development of synthetic peptides corresponding 
in amino acid sequence to specific regions of the foot 
and mouth diseaae virus (FMDV) VP^^ protein. In 
5 particular^ single short peptides (i.e., approximately 20 
amino acids in length) corresponding in sequence to 
positions 130-160 and positions 141-160 of the FMDV vp^ 
protein are described as "extremely active 
antigenically- " 
10 Richtnan and Reese report that a 28-residue peptide 

has been synthesized that will raise antibodies against 
the 75-KDa surface protein of the malarial parasite 
Plasmodium falciparum ^ Richman, 5.0*. and R*T* Reese, 
Proc. Nat'l Acad , Sci , USA , 85 , 1662-1666 (1988), 
15 On the basis of this worJc, considerable effort has 

been made to produce antibodies using individual or 
single peptide fragments of proteins which bind tightly 
to the corresponding intact protein • 

Such efforts have, however, been relatively unsuc- 
20 cessful, probably because these short peptides fail to 
adopt a stable structure similar to that of the native 
protein under physiological conditions • A means by which 
short peptides could be constructed such that they 
"mimic" the equivalent region of the native or intact 
25 protein, not only in terms of amino acid sequence 
{primary structure) , but also in terms of secondary 
structure (e.g,., alpha-helix or beta-^heet formation), 
folding, and conformation, would be very useful in 
synthetic vaccine development and many other areas in 
30 which protein structure is a Xey consideration • 
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Dlsclosuire of -fche Inven-tion 

Peptide complexes which include at least two short 
peptide units corresponding in amino acid sequence to 
selected regions of a protein of interest and joined in 
5 such a way that the short peptide units interact with one 
another in much the same manner that the regions of the 
native or intact protein interact are the subject of the 
present invention, as are methods of their preparation 
and use. 

10 Short peptide units, each generally having 

approximately five to thirty amino acid residues and 
corresponding in amino acid sequence to distinct regions 
of a protein of interest, have been joined by covalent 
bonding of the short peptide units to produce peptide 

15 complexes which eore more stable, under physiologic 

conditions, than presently-available peptides, which are 
individuai or single peptides ♦ In one embodiment of the 
present invention, two short peptide units, each 
including apprxjximatelyi f ive to 30 - a 

20 corresponding in sequence to sequences in an intact 

protein which form defined secondary structure and, 
optionalXy, to sequences which correspond to sequences in 
other regions of the intact protein, are joined by 
covalent bonding. The resulting peptide complex foras a 

25 structure more stable than either of the two peptide 
components alone. 

Xn a particular embodiment of the peptide of the 
present invention, two short peptide xmits, each includ- 
ing a cysteine residue and corresponding to a distinct 

30 region of bovine pancreatic trypsin inhibitor (BPTI) > 

have been joined by means of a disulfide bond between the 
cysteine residue present in each. One of the peptide 
units has- 16 amino acid residues, including a cysteine 
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residue; all or a portion of tJie unit corresponds in 
sequence to a distinct region of bovine pancreatic 
trypsin inHitritor (BPTI) which folds into an alpha-helix 
in the intact protein. The other short peptide unit has 
5 14 amino acid residues, also including a cysteine 

residue. It corresponds in sequence to a distinct region 
of bovine pancreatic trypsin inhibitor which folds into a 
beta-sheet in the intact protein • The amino acid se- 
quence of the synthetic peptide pair is homologous to a 
10 domain of the precujcsor of the amyloid Beta-protein 
characteristic of Alzheimer's disease which contains a 
protease- inhibitor sequence. The resulting peptide 
complex has been shown, using the temperature dependence 
of circulax dichroism, nuclear magnetic resonance and 
15 ultraviolet absorbance spectra as criteria for structure 
formation, to be more stable than individual short 
peptides. It has been shown not only that, as expected, 
the individual short peptides show little, if any, 
structure formation in aqueous, solution, but also, that 
20 peptide complex is more stable in aqueous solution 

than individual short peptides. 

Peptide complexes of the present invention can be 
used in the design and production of synthetic vaccines 
which are peptides whose sequence mimics portions of that 
25 ot an intact or native protein antigen. In this context, 
the peptide complexes are particularly valuable because 
they form conformations or structures which ar6 stable 
under physiological conditions. Such synthetic vaccines 
can be admdlnistered to an individual (e.g., hiomaji, other 
30 mammal or nonmammalian animal} in whom an immune response 
is desired,. 
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In a similar fashion, peptide complexes of the 
present invention can be used as artificial proteins in a 
therapeutic, prophylactic or diagnostic context- For 
example, they can be used as drugs or in place of 

5 naturally occurring proteins, such as enzymes and 

hormones ♦ For example, a peptide complex of the present 
invention can be constructed to incorporate the func- 
tional component(s) or active site(s) of a naturally- 
occurring enzyme, alone or in combination Xirith other 

10 selected regions of the enzyme. 

In addition, peptide complexes of the present 
invention can be used for diagnostics. For example, a 
selected peptide complex of the present invention can be 
uised to produce peptide antigens which are more suiteible 

15 for use in diagnostic tests thcui are presently-availsOsle 
peptide antigens becatise of the similarity of the 
behavior of the peptide complex of the present invention 
to that of the intact/native protein against which an 
immune- response:; isr-:.moxinted. in: the body . Such peptide 

20 complexes can also be used to produce antibodies capable 
of reacting with the complex and with the corresponding 
section of the intact/native protein. Such antibodies 
also have diagnostic applications. 

Synthetic peptides of the present invention can, 

25 because of their homology to am Alzheimer's amyloid 

protein, be used to produce a diagnostic for detecting 
the presence of the amyloid protein in tissue and, thus, 
of the disease* In this case, each of the two short 
peptide units in the peptide complex corresponds to a 
30 region of BFTI, as described previously. Antibodies 

against the peptide complex can be produced, .using Icnown 
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tecliniques. Peptide complexes of the present invention 
are also useful for mapping and/or screening discontinu- 
ous epitopes. Peptides representing discontinuous 
epitopes are difficult to synthesize • The present 
5 invention is useful in the design and construction of 

peptides to discontinuous epitopes and in construction of 
synthetic ligands. Synthetic ligands made according to 
the roethod of the present invention can be used, for 
example, to interfere with the ability of an infectious 
10 agent <e.g., hviman immunodeficiency virus, HIV) to bind 
to a cell receptor (e.g., on T4 lymphocytes) and, thus, 
prevent infection. In thifi case, it is possible to 
determine the characteristics of the receptor or site on 
a cell with which the infectious agent interacts and, 
15 using the method of the present invention, design and 
produce synthetic analogues which interact with either 
the cell receptor or the site on the infectious agent 
which normally interacts with the cell in the infectious 
process and interfere with the infectious agent • s ability 
20 to infect cells. It is also possible, using the method 
of the present invention, to design and produce peptide 
complexes which include the catalytic subdomains or 
regions of a protein. For example, it is possible to 
determine the catalytic s\abdomain, or enzyme subdomain, 
25 of an enzyme of interest and produce a peptide complex of 
two or more short peptide units which will exhibit the 
enzymatic activity of the intact or native protein. In a 
similar manner, it is possible, using the method of the 
present invention, to produce a synthetic analog of an 
30 immunogenic protein which is less immunogenic than the 
intact or native protein. This can be done by 
determining the necessary characteristics and sequence of 
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tlie protein binding sites and producing a peptide complex 
which iias similar characteristics but lacks the remainder 
of the protein, which is responsible for the 
immtanogeniciiiy . 

5 Brief DescriT^tion of the Drawings 

Figure 1 represents an approach to the design of 
peptide complexes of the present invention. 

Figure 2 is the KMR spectarum of the alpha/beta 
peptide complex of bovine pancrease trypsin inhibitor 
10 (BPTI)^ 

Figure 3 is the NMR spectrum of the aromatic 
region of the alpha/beta peptide complex of BPTX. 
Resonances due to protons bonded to aromatic carbons in 
the side chains of tyrosine or phenylalanine are found in 
15 this region* 

Figure 4 is a graphic representation of the chemical 
shifts of euromatic peak A in the NMR spectrxim of the 
alpha/beta, peptide complex. (See Figure : 3 ) - at >var ipus-^ 
temperatures . 

20 Figure 5- is a graphic representation of the chemical 

shifts of all assigned amide and alpha protons of the 
alpha/beta complex (PaPff) versus those obsferved for the 
corresponding residues in BP.TX. The range of chemical 
shift values for amdLde and alpha protons in model "random 

25 coil" peptides shown with squares. 

Figure 6 presents circular dichroisra spectra of the 
alpha and the beta peptides and the alpha/beta peptide 
complex. 

Figure 7 presents the circular dichroism ellipticity 
30 at varying temperatures and a wavelength of 222 nM of the 
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alpha and the beta peptides and the alpha/beta peptide 
ccnnplex. 

Figure 8 is a graphic represention of the tempera- 
ture dependence of the CD signal at 218 nm for the 

5 alpha/beta complex in the presence or cibsence of 

guanidine hydrochloride (GxxHCl) . The inset shows the 
first derivative of the temperature dependence in the 
absence of GuHCl, 

Figure 9 presents ultraviolet absorbance due to 

10 tyrosine at varying temperatures and at 285.5 nM* 

Figure 10 compares the amino acid sequence of the 
amyloid precursor protein (APP) domain with the amino 
acid sequence of the BPTI aJ-pha/beta complex of the 
present invention and also presents the amino acid 

15 sequence of naturally-occurring BPTI and of bovine serum 
inhibitor (BSI) protein. 

Figure 11 is a graphic representation of results of 
an assay for production of antibody to the alpha/beta 
peptide complex of the present invention in three rabbits 

20 injected with the complex. Pre indicates the control 
(pre injection) value for an animal; 1st indicates the 
post injection value for an animal. Animals are 
indicated by number (276,277,278). 

Detailed Description of the Invention 

25 Traditionally it has been thought that fragments of 

single domain proteins could not fold in aqueous solution 
and the smallest cooperative unit of protein folding was 
a domain. The present invention is based on the 
discovery that short peptides can be joined (e.g., by 

30 covalent bonding) to form a peptide complex which 

interact in much the same manner as the corresponding 
region in the intact or native protein. 



wo 89/01943 



PCT/US88/03033 



-12- 

The present invention relates to peptide complexes 
which -are comprised of at least two short peptide units, 
each of which has an amino acid sequence (primary 
sequence) corresponding to the amino acid sequence of a 

5 selected segment of a protein of interest and which are 
joined in such a manner that they interact much as the 
regions in the native or intact protein interact. It 
also relates to a method of their preparation and a 
method of their use. Such peptide complexes are useful 

10 as synthetic vaccines, as synthetic ligahds in raising 
antibodies to be used in diagnostic tests, as drugs 
(e.g., hormones, enzymes), in epitope mapping and in 
designing proteins. 

A key element in the development of the peptide 

15 complexes of the present invention is the joining of at 
least two short peptide tmits by covalent bonding as a 
means of enhancing the stability of the resulting 
complex. Die amino acid sequences of the peptide units 
in the- complex correspond - to ? the amino vacid : sequences :::of 

20 regions of defined secondary st3nicture which interact in 
the native or intact protein. The short peptides units 
which comprise peptide complexes of the present invention 
are selected, by the methods described below, on the 
basis of interactions occtirring in the intact protein. 

25 The peptide units selected in this manner correspond in 
sequence to segments in the intact protein which form 
defined . secondary structure (e.g., alpha-helix,, 
beta-sheet) • The peptide units may also include 
sequences which correspond to other segments of the 

30 intact protein which enhance the steibility of the peptide 
complex. 
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The sequence of a peptide unit which comresponds to 
a selected segment in the intact protein can be identical 
to that of the selected segment or, alternatively, can 
include one or more amino acid substitutions, A 
5 substitution is by an amino acid which has the same 
propensity to form the secondary structure observed in 
the native or intact protein of interest* For example, 
an alanine or a serine residue can be substituted for the 
cysteine residue present at residue 55 of the peptide 
10 complex represented in Figure l. 

Bonding of the two units will generally be covalent 
in nature and, in particular, will be disulfide bonding 
(between at least one cysteine residue on each of the 
peptide units) . Covalent bonding is used because the 
15 bond between the short peptide units must be strong 
enough to hold the units together and overcome their 
tendency to diffuse away from each other in solution. 
Alternatively, any covalent bond which does not destroy 
or alter the conformation. can be used (e.g., 
20 carboxyl/ amino amide linkages, such as a glu/lys link) . 

Selection of short peptide units to be incorporated 
into a peptide complex of the present invention can be 
carried out in at least two different ways: one for those 
proteins whose crystal structxire is known and one for 
25 those proteins for which the crystal structure is not 
known. In both cases, the length of the short peptide 
units used will be defined or limited by the number of 
amino acid residues needed to produce steUDle, non-random 
structxire xxnder physiological conditions. 
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Selecrblon of short: pep-tlde xinlt:s if prot:ein crystal 
structnxre is known 

The crystal structure of many proteins is already 
known and additional structure data can be obtained using 

5 known techniques. Leszczynski, J.F. and G.D^ Rose, 

Science , 234:849-855 (1986) ; Brookhaven Protein Data Bank 
Newsletter, Brookhaven National Laboratory, No. 41, pp. 
3-4 New York (7/87). In the case of proteins whose 
crystal structure* is known, selection of short peptide 

10 units is carried out in the following manner: The crystal 
structure of a protein of interest is initially assessed 
for the occurrence of contacts of less than 4JI between 
two reg-ions of well-defined secondary structure; such 
contacts- are indicative of favorable interactions between 

15 these regions. These regions are then defined cind 

contacts, such as hydrogen bonds between two regions, van 
. der waals contacts emd salt bridges (in which positive 
and negative side chains interact), are identified. Uie 
specific: sequences used to make up "^the short peptide 

20 units-are determined on the basis of the amino acid 
residues which malce the contacts. 

In one embodiment of the present invention, the 
crystal structure of a protein of interest is assessed 
for defi n ed areas of contact between protein regions. 

25 Once these areas have been defined, the location (s) of 
disulfide bond (s) is determined, followed by a 
determination of the occurrence and location of other 
types, of contacts between protein regions w 

This -approach has been used in assessing the crystal 

30 structure of -bovine pancreatic trypsin inhibitor (BPTI) • 
This was carried out in the following way: the native 
crystal . structure of BPTI was searched for contacts 
between/among regions of less than 4A- In this case, the 



wo 89/01943 



PCT/US88/03033 



-15« 

occurrence of disiilfido bonds was of particular interest. 
This resulted in identification of two segments of the 
primary secpience in the intact protein: one which forms 
an alpha-helix and one which forms a beta-sheet in the 

5 native protein. The sequences of the two segments are 
represented in Figure 1, slb are contacts made between the 
two which are closer than 451 • 

Based on this, the two sequences shown in Figure 1 
were determined. One sequence which resulted (sequence 

10 1) includes the 10 amino acid sequence of the alpha-helix 
(residues 47-5S in Figure 1) and, in addition, a 4 amino 
acid residue segment (residues 4 3-46) in which numerous 
contacts were made with a beta sheet • As shown in Figure 
Ir a second peptide includes 14 amino acid residues 
15 (sequence 2) . 

Contacts closer than 4A which occur between these 
two regions in the intact protein are represented in 
Figure 1 as hydrophobic "pocket" contacts, secondary 
structure contacts and disulfide bond contacts, 

20 Selection of short peptide units if protein crystal 
strueture is unknown 

In the case of a protein of interest whose crystal 
structure is xinJcnown, a procedure similar to that 
described - above f or selecting short peptide units in 
25 protedLn^ of known crystal structure is used. 

Assessment of the amino acid sequence of the protein 
of interest (e.g., of the sequence either as determined, 
using known techniques and equipment, or as inferred from 
the nucleotide sequence of DNA encoding the protein) is 
30 carried out, in order to identify specific segments in 
the pri mar y sequence which may have defined secondary 
structure -and to determine the number of cysteine 
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residues in tihese regions* By partial proteolysis, wtiich 
resiilts in generation of numerous shorter fragments of 
the protein of interest, it is possible to determine if 
there ctre disulfide bonds which connect these segments, 

5 The occurrence of disulfide bonds connecting these 
segments is indicative of secondary structure 
interactions in the intact protein. Short peptide units 
corresponding to the segments defined in this way can be 
synthesized, as described below. Xn those cases in which 

10 the protein of interest is not itself available, but the 
amino acid sequence is known, (e.g. , by deduction from 
the nucleotide sequence which encodes it) , it is possible 
to look at the area(s) in the amino acid sequence in 
which cysteine residues occur and, thus, where. disulfide 

15 bonds might also occur. 

Construction of short peptide units and peptide complexes 

Once segments in which contacts occur have been 
iden tif i ed and their, amino acid sequen 

peptide units corresponding in sequence to the amino acid 
20 sequence of each of these two regions in the native 

protein are made- Such peptides can be made mechanically 
(i.e., on a protein synthesizing machine); can be 
produced using Jqiown genetic engineering techniques, in 
which! DNA:. encoding each peptide is cloned or synthesized 
25 and expressed,- followed by recovery of the peptide units; 
or can- be -isolated or purified from naturally-occurring 
sources. 

Such- peptide units have been made cmd joined for 
BPTI. Inr particular, regions which correspond to the 
30 alpha helix and to a substantial fraction of the beta 
sheet have been produced and joined. 
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Bovine pancreatic trypsin inhibitor (BPTI) is one of 
a series of enzymes that inhibit proteolytic activity ♦ 
Travis, J» and G-A. Salvesen. Rev . Biochetn . 52 , 655-709 
(1982) • Such enzymes are important in cell growth and 
5 differentiation which requires a series of 

smrface-related proteolytic events involving serine 
proteinases. BPTI is a single domain protein which 
contains three disulfide bonds, an alpha helix, a short 
helxx^and a 3 -stranded beta sheet. The structure of 
10 BPTI (58 residues) has been determined in three different 
crystal forms. 

Syn th esis of the two short peptide units described 
above for- BPTI is described in detail in Example 1. In 
the case of BPTI, one short peptide, referred to as alpha 
15 peptide, was. synthesized mechanically to have the 
following sequence: 

NWFKSAEDCM 
Asn-Asn-Phe-^Lys-Ser-Ala-Glu-Asp-Cys-Met- 
43 44 45 46 47 48 49 50 51. 52 

20 R T A G G A 

Arg-Thr-Ala-Gly-Gly-Ala 
53 54 55 56 57 58 

It includes the C-terminal alpha helix and a short 
segment of beta sheet. Residues 47-56, inclusive, are 

25 those which make up the BPTI alpha-helix. Residues 
43-46, inclusive, as described above, make contacts 
closer than 4 A with residues in the beta peptide, which 
are referred to as a hydrophobic "pocket". In this 
peptide an alanine (Ala) residue was substituted at 

30 residue 55 for the cysteine (Cys) which occurs at that 
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locat±on--in:the native protein. As a result, the alpha 
peptide used includes only one cysteine residue, rather 
than two, as is the case with natiiral BPTI. 

The^ second short peptide, referred to as beta 
5 peptide and also synthesized mechanically, has the 
following^ sequence t 

RYF YNAKAGL 
Arg-Tyr-Phe-Tyr-Asn-Ala-Iiys-Ala-Gly-Leu- 
20 21 22 23 24 25 26 27 28 29 

10 C Q T F 

Cys-r-Gln-Thr^Phe 
30 31 32 33 

This - amino acid sequence is the same as that of the 
native ~ sequence. Disulfide bonding between cysteine 

15 residues. 30 and 51 was used to join the components to 
produce -the peptide complex, referred to as the alpha/ 
beta, complex. In .BPTX , the 3 0-51 disulphide connects: the 
C-terminal a -helical region (containing Cys-51> to a 
strand of the central antiparallel, p -sheet (containing 

2 0 Cys-3 0) . The core region of the alpha/beta complex 

therefore includes residues corresponding to the a -helix 
and to a stibstantial part of the central antiparallel 
(J-sheet* Residues outside this core region were also 
included^r Our objective was to include residues in one 

25 peptide that interact with residues in the second peptide 
(i.e. , in the native structure) without allowing the 
peptides -to -become too large. n!he complex represents 
approxdLmately half of BPTI (30 of 58 residues) and it 
includes the majority of one of the hydrophobic cores of 

3Q the protein ♦ 
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Other forms of bonding can be used to join the two 
or more peptide units which make up a peptide complex; 
any covalent bond which does not destroy or alter the 
conformation can be used. 

5 The synthetic peptide complex of the present inven- 

tion is very solxible in aqueous solution and does not 
aggregate* As judged by circular dichroism (CD) and NMR, 
the peptide complex is over 90% folded in aqueous solu- 
tion (pH 6) at The structxire unfolds when the 

10 disulphide- bond is reduced. Two-dimensional nuclear 

Overhauser effect spectroscopy (NOESY) indicates that it 
contains : much of the secondary and tertiary structure 
present -in the corresponding region of native BPTI* 
These results . demonstrate that native-like structure can 

15 form early in protein folding, and that peptide models 
can be used to characterize the structures of transient 
folding intermediates. 

Physico-chemical assessment of the character istics of the 
individual short peptide units and of the peptide complex 

20 Once the peptide units have been synthesized and 

joined to produce a peptide complex, many types of 
measurement can be used to characterize the structure of 
the peptide complex under physiological conditions. For 
example, hxgh resolution nuclear magnetic resonance, 

25 circular dichroism , ultraviolet absorbance, x-ray 

crystallography, neutron difraction and other measure- 
ments techniques can be used* Use of high resolution 
nuclear magnetic resonance, circular dichroism and 
ultraviolet absorbance is described below as they have 

30 been applied to the two short peptide units corresponding 
to the distinct regions in BPTI described and to the 



wo 89/01943 



PCr/US88/03033 



peptide- complex they form when joined by a disulfide 
bond^ A- simiiar approach can, however, be used, to 
characterize the struoture of any complex - 

A. Hic^h Resolution Nuclear Macpietic Resonance 

5 High- resolution proton {"^H) nuclear magnetic 

resonance ^^h:nmR) spectra have been obtained for the 
BBTX alpha/beta complex of BPTX (described above and in 
Example 1) . Figure 2 is the entire ^ mm spectrum for 
the alpha beta complex and Figure 3 is the aromatic 

10 chemical, shift region of the "hi NMR spectrum tempera- 
tures, The :spectrum represented , in Figure 3 is that for 
the left-most series of peaJcs (e,g*, from about 6.5 to 
7*5 ppm) in Figure 2. In Figure 3, the resonances shown 
correspond : to protons on (the benzene rings found in) the 

15 side chains of the aromatic amino acids phenylalanine and 
tyrosine? phenylalanine occurs twice in peptide sequence 
2 and once - in sequence 1 and tyrosine occurs twice in the 
sequence 2 , as shown in Figure ! • As also- shown in 
Figure 1, one of the phenylalanine residues and both 

20 tyrosine residues present dLn sequence 2, as well as the 
phenylalanine present in sequence l, participate in 
contacts: closer than 4A in what is referred to as a 
hydrophobic "pocket." As shown in Figure 3^ the 
frequencies (chemical shift) of some of the resonances 

2 5 change wi^:: temperature , while others do not - In 
particular, the resonance of pealc A shows a 
temperature-dependent chemical shift; that of peak B does 
not. 

The- chemical shift of A is the time average of the 
30 resonances, of at least two rapidly interconverting 
species - whose relative populations change with 
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temperature . One of -these species is probably an 
uhstructixred^ complex while the others are lilcely to have 
structure . 

Figure 4 shows the chemical shift of peak A at 
5 several- temperatures. Many factors other than peptide 
structure -might lead to temperature-dependent chemical 
shifts* However, these factors would typically give rise 
to a linear temperature dependence • The deviation from 
linearirty depicted in Figure 4 for the chemical shift of 
10 peak A- can. be taken as evidence that the region of the 
peptide that - gives rise to this resonance undergoes a 
thermaX- transition at about 4 0°C. It is likely that this 
thermal -transition results from the loss of structure in 
alpha/beta- complex as the temperature is raised above 
15 40^0. This indicates the presence of structured alpha/" 
beta.- complex- at temperatures below 40°C« 

Two - dimensional KMR spectroscopy (2D-NMR) was used 
in order to further characterize the structure in the 
alpha/beta complex . Ninety percent of the resonances in 
20 spectra of the alpha/beta complex have been assigned 
using sequential strategies. Wuthrich, K- , ^ NMR of 
Proteins and Nucleic Acids , Wiley— Inters icence. New York 
(1986) . Unequivocal starting assignments were obtained 
as described in Example 4. 
25 Aithough the NMR assignments for the alpha/beta 

complex were made independently of the assignments for 
BETX, the relative chemical shifts in the two species are 
remarkably similar (Figure 5)* For comparison, the range 
of -Chemical-. shifts, for amino acid residues in model 
30 "random-^coil*' peptides, Bundi, A* and Wuthrich, K. , 
Biopolymers , 1^:285-297 (1979), are indicated with 
squares- in Figure 5. These results suggest that the 
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stanictu re s in the complex and native BPTI axe similar, 
and tliat -the population of folded alpha/beta complex 
molecules at 4'C is high. 

Analysis of the two dimensional nuclear Overhauser 

5 effect spectroscopy (NOESY) data indicates that most, if 
not all, of -the secondary structure present in the 
corresponding region of BPTI is also present in the 
folded.- conforjoation of the alpha/beta complex. In 
particular, the C-terminal a-helix and the central 

10 antir^rparallel ^•sheet appear to be intact (Table I).. 

Tertiary interactions between these regions of secondary 
structure are also present in the alpha/beta complex 
(Table I) • These tertiary interactions are similar to 
those found -in intact BPTI . • 
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Table I Selected NOE's observed in NMR spectra of PaP/j. 



Structure 



Observed NOESY 
croas-peaJc 



Distance in crystal 
structure of BPTJ 



^--sheet 



21a 
23a 
24a 
26a 



32 a 
3 ON 
29N 
27N 



2. 4 A 
4. 4 A 
3. 4 A 
3-5A 



10 



a -helix 



47J3 
48/J 
52a 
54N 



49N 
52N 

55N 



2.6A 
4.7A 
4. 2 A 
2.6A 



tertiary 



15 



20 



215 
21e 
23e 
23P 
30fi 
3 ON 
455 
43 e 
45e 



46a 
48N 
55 P 
55 (J 
48 0 
527 
50a 
54 T 
550 



4.1A 
3.2A 
4.1A 
2*5A 
3.5A 
3.4A 
4.8A 
2.8A 
4.5A 



25 



All- listed NOB ' s were observed as cross-peaks which 
could-, be -unambiguously assigned (i.e*, definitive assign- 
ments- of -resonances to the associated protons, and no 
possibility of overlap with other resonances) in NpESY 
spectra of -the alpha/beta complex at 4'C. Cross-peaks 
were observed- both in spectra accumulated using 250 msec 
and .350 msec mixing times. For comparison, the distances 
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betvreen "the corresponding protons in the crystal struc- 
ture of BCTI are indicated. Wlodawer, A. et al> , J, Mol> 
Biol , , 180 :301-329 (1984). 

B. CircuXar Dichroism 

5 Circular- dichroism (CD) is useful in measuring the 

overall helix content of peptides in solution. The 

n >* absorbsmce band centered at 222 nM is due to the 

amide bonds, found in the backbone of the peptide. The CD 
ellipticity of this band has been used as an indicator of 

10 the alpha --helix content of peptides and proteins. 

Schel lm any J. A. and Becktel, W.J. ^ Biopolymers , 22:171 
(X983) and Holzwarth^ G. and Doty, P. Journal of the 
American Chemical Society , 87:218 (1965). CD was used, 
as described in Example 2 , to determine whether the 

15 alpha/beta - complex has a more stable structure than is 
present in either or both of the individual peptide 
units* Results of this assessment are represented in 
Figures - 6 and 7 V 

Figure 6 shows the CD spectra of the alpha peptide 

20 unit at 0-and 60°C (5A) , the beta peptide unit at 5°C 

(5B) and::rthe- alpha/beta peptide complex at 0, 10, 40 stnd 
60^C (5C) . The spectra of the alpha and beta peptides do 
not show evidence of stable structure for these peptides, 
even:- at low temperatures where such structure would be 

25 favored. However, the spectra of alpha/beta complex at 
low temperatures shown in Figure 5C do show evidence for 
the- presence of alpha helical structure as indicated by 
the negative, ellipticity near 222 nM and the ratio of 
ellipticlties at 222 and 208 nM. These criteria have 

30 been used- previously to detect the presence of hellicity 
in pepti d es. Shoemaker, K.R. et al . , "Circular Dichroism 
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Measurement of Peptide Helix Unfolding", Tenth Peptide 
SymposixiDi, June 1987. 

Additional evidence for the presence of stable 
struetxire in alpha/beta complex and the lack of it in 
5 either alpha or beta peptide alone is shown in Figure ?• 
Figures -7A, 7B and 7C show the CD elllpticity at 222 nM 
for peptides alpha, beta and alpha/beta complex, 
respectively, at various temperatures. As with NMR 
chemical- shifts, a non-linear temperature dependence of 
10, this parameter can be taken as evidence for a thermal 
transition, (e«g,, change in structure). As seen in 
Figure 7B, the temperature dependence of the beta peptide 
CD signal: is completely linear, indicating the absence of 
a thermal - transition euid therefore probable lack of 

15 structure at any temperature in this peptide. 

The data for the alpha peptide (Figure 7A) show a 
possible -thermal transition between 10 and 20°C. On this 
basis, the. peptide may have weak helicity at low 
temperatures* However, because of the low transition 

20 temperature, it Ls unlikely that the alpha peptide would 
exhibit' significant amoimts of structure at physiological 
temperatxxr^s (i.e., 37°C) . In contrast, the data shown 
in Figure 6 c for alpha/beta complex indicates a thermal 
transition at a temperature aroxand 40^c, consistent with 

25 the. apparent r transition temperature seen in the 

temperature dependence of the chemical shift of peak A in 
the NMR- spectrum (See Figure 4). This indicates that 
alpha/iaeta:- complex has much more stable non-random 
structure-irthan either of its component peptides and that 

3a there J.s-_ likely to be significant amounts of structure 
present rin: this complex under physiological conditions • 
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CD-spectras indicate that tlie alpha/beta complex 
folds- into a native-like conformation in aqueous solution 
and that tliis structiir© can be unfolded with increasing 
temperature, whereas there is no evidence for substantial 

5 folded-structure when the disulphide bond is reduced. As 
monitored- by CD, the thermal vmfolding transition for the 
compXex™ as- broad, spanning over 60 "C, and a fully folded 
baselxne is not reached even at 0*C (Figxire 8). The 
t^ransiti^n. is -completely reversible up to 80 provided 

10 that the sample is degassed before use, and can be 

eliminated- by adding the denaturant, GuHCl. The complex 
does not aggregate, as judged by gel filtration, and 
there is no significant dependence a£ the CD signal on 
peptide concentration over a 20* fold range* 

is C. Ultraviolet Absorbance 

In Figure 9 the ultraviolet absorbance due to 
tyrosine, at a wavelength of 285*5 nM, and at a variety 
of -temperatures , is represented . - The. temperature 
dependence^- of -tyrosine absorbance has been used to 

20 mon±tor^i:iie: -thermal unfolding of proteins. Atlas of 
Protein- Spectra in the Ultraviolet and Visible Regions , 
Ed: I>*M* Kirschenbaum, IFI/Pleniim, New York (1972) • 
Again,: non-linear dependence of this parameter on 
temperature is indicative of a thermal transition. As 

25 shownjjji: Figure 9, a deviation from linearity occurs at 
about 4 0°Ci^or -tyrosine absorbance, indicating a thermal 
transition:- atT_this temperature. This is agreement with 
the .CD -and. JflMR results and again indicates the presence 
of stable- structure in alpha/beta complex at 

3 0 physiological temperatures . 
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Suiniaairy 

described -above, is support for 1:he fact that: 

1^ the individual short peptide units (i.e., the 
5 alpha- peptide sequence and the beta peptide 

sequence) do not display secondary structure 
formation at physiological temperatures; 

2, the- alpha/beta complex does exhibit a thermal 
transxtion, as evidenced by the deviations from 

10 linea r ity in temperature dependence evidenced by the 

compiex~ in all three measxirements; and 

3. the presence of a thermal transition at 40^c, 
above -the coinmon physiological temperature of 37°C, 
indicates that alpha/beta complex possesses 

15 significant amounts of stable, non-random structure 

underrrphysiological conditions . 
Thesa. conclusions are significant because the 
relative population of structured peptide complex is 
cr±tical_ to, its ability to cause, a strong immune response 

20 and the -production of antibodies which are strongly 
cross-reactive to the native protein* It is this 
property, i.e., the presence of significant amounts of 
structixre at physiological temperatxrres , which is lacking 
in peptide antigens available by present methods • 

25 A similar analysis, in which deviation from 

linearity of temperature . dependence ( i » e • , nonlinear 
temperature : dependence) is a Icey criterion for or 
indication of stcible structure formation by a peptide 
complex comprised of at least two short peptide units 

30 whose sequences correspond to the amino acid sec[uence of 
at least two regions in a protein of interest, as 
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desfcribed- above, can be used to assess and verify the 
stability of any peptide complex. 

Thus, using the approach described above, regions of 
a protein of ^interest which are involved in (responsible 

5 for) folding of the protein and, thus, for stable 

confo rmati on of the protein, can be Identified for any 
protein of interests. Short peptide units corresponding 
in amino -acid sequence to the selected regions can be 
synthesized, using known techniques » At least two of the 

10 short- peptide units are then joined, preferably by 
covaient: bonding, which can be disxil fide bonding, to 
produce a peptide complex. The resulting complex will be 
laorestable in aqueous solution than individual short 
peptides. The conformation of the peptide complex can be 

15 assessed,- if necessary, by one or more of the three 
methods- described for assessment of stable structture 
formation -Of the BPTX peptide complex. 

The- present invention will now be illustrated by the 
f oliowing-examplesv which are not intended: tor be r limiting 

20 in- any way* 

EXaMPX»E 1 Peptide Complex Formation 

Peptides alpha and beta were synthesized on an 
Applied - Biosystems Model 43 OA peptide synthesizer using 
standard reaction cycles (std-lr) . Applied Biosystems 

25 Peptide Synthesizer 4 3 OA User's Manual, Version 1,2 

(1985) • All amino acids were alpha- amino protected with 
t-BOC and were coupled as symmetric anhydrides, except 
asparagine, glutamine emd arginine, which were coupled as 
HOBt -esters • The side chain protecting igroups were as 

30 follows: arginine, MTS? methionine, sulfoxide; cysteine, 
4-methoxy O-^^benzyl; lysine, 2 Cl-Z; tyrosine, Br-2; 
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serlne. and -threonine, benzyl; glutamate, O-benzyl. For 
the synthesis of alpha, PAIu-aianine resin was used* For 
beta synthesis, PAK-phenylalanine resin was used. 
Ninhydrin: measurements were made on every coupling cycle 

5 and multiple -couplings were used to produce coupling 
efficiencies- of at least 98%. Both peptide-resins were 
cleaved -using the "Low-High" TFMSA cleavage procedure. 
User Bulletin No. 16, Peptide Synthesizer, Applied 
Biosystems (1986). The crude peptide products were 

10 purified on Sephadex G-15 in 5% Acetic Acid/H^O. The 
elution of each peptide was monitored by ^224 
found to elute in the void volume. The G-15 purified 
peptides were lyophilized and stored dessicated at -20°C. 

Alpha/beta complex formation 

15 Alpha/beta complex was produced using G-15 purified 

alpha cuid beta. The oxidation of the disulfide bond was 
carried out in 0.1 M Tris, 0.2 H KCl at pH 8.7, using 
peptide concentrations of approximately 20 irM^ 
Creighton , T • E • , Journal of Molecular Biolocyy , 

20 113 ; 275-293 (1977). The oxidation reaction was catalyzed 
in air by vigorous stirring for 30 h at 4^c. The crude 
reaction mixture was lyophilized and stored dessicated at 
-20^C, 

Alpha/beta complex was also produced by the 
25 following method: Beta peptide was reacted with oxidized 
glutathione (GSSG) and the mixed disulfide was purified 
by HPIiC, to produce P-beta SSG. P-beta SSG was then 
reacted with P alpha to produce P alpha P beta* 
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Alpha,. beta and alpha/beta complex HPIiC purification 

Each- of^: the peptides studied were purified by 
semi^preparative reverse phase HPLC using a C-18 (1 x 20 
cm) coliunn ( Vydac) . The peptides were eluted in 0.1% TFA 

5 in K^O/o.x% TFA, 30% QK^CN in H^O linear gradients 

op timi zed for each peptide » The elution was monitored by 
A^jg and fractions were collected and lyophilized. The 
pxarxty of each peptide, as assessed by analytical reverse 
phEise HPLC was greater than 99%. 

10 The -composition of alpha beta complex was confirmed 

by reduction of the disulfide bond in lOnM DTT, O.IK 
Trie, pH 7o0, followed by analytical reverse phase HPLC 
to produce peaks with retention times identical to those 
of alpha^ and beta. The sequences of alpha and beta were 

15 confirmed-fusing an Applied Biosystems Model 47 OA 
gas^phase^ sequencer * 

EX AMPT i K - 2 Homolocry of -the alpha/beta complex of BPTI to 
PTOtease inhibitor - sequenceT within amyloid 
Beta-protein precursor 

20 This^-Example Illustrates that the amino acid 

sequence of the alpha/beta complex synthesized in this 
invention demonstrates homology with the protein domain 
containing- a protease- inhibitor sequence^ within the 
precursor r of "the amyloid Beta- protein characteristics of 

25 Alzheimer's -disease. 

Anryloid- Beta-protein/amyloid A4 has been shown to be 
a peptide- present in the neuritic plaques, neurofibril- 
iary- tangles-iand cerebrovascular deposits in individuals 
with Alzheimer 5s disease or Down's Syndrome, (trisomy 21). 

30 It may be -involved in the pathogenesis of Alzheimer's 

disease* Tanzi, R.E. et al> , Nature , 331 :528-530 (1988), 
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Amyloid prortein has recently been shown to be encoded as 
pax^ of s. lairgeir protein (sinyloid. protein precursor) by h 
gene referred to as the amyloid protein precursor (APP) 
gene* Ponte, P. et al , Nature 331 , 525-527 (1988); 

5 Tanzi, R*E, et al . , Nature, 331 528-530 (1988); 
Kitaguchi, N. et al > , Nature , 331 530-532 (1988); 

Figure 10 compares the amyloid precursor protein 
(APP) domain with the BPTI alpha/beta complex of the 
present -invention- Also shown are residues of naturally- 

10 ocurring bovine pancreatic typsin inhibitor precxirsor 
protein and^ bovine serum inhibitor protein (BSI) . The 
sequence of the peptides of alpha/beta complex of BPTI 
are shown in Figure 10 (see underlining of the BPTI 
sequence and of the homologous sequences of the amyloid 

15 precursor protein) * 

Numbering is based on the predicted amyloid protein 
sequence-^as defined in Ponte, P. et al > , and Kitaguchi et 
al* , see id * 

Residues homologous to the highly conserved 
20 sequences- of -the basic typsin inhibitor family, which 

includes. JPTI , bovine inter -alpha typsin inhibitor/ human 
inter- alpha typs in inhibitor, sea anemone proteinase 
inhibitor, and Russell *s viper venom basic protease 
inhibitor (Kitaguchi, N. , et al id ) are shown in Figure 8 
25 by the darlc over lining • The basic amino acid residue 
(arginine) in the active site is indicated by an 
asterisk* 

The alpha and beta sequences align with the amyloid 
precursor- rprotein. Of the 56 residues shown in APP, 13 
30 residues of the alpha/beta complex (23%) are identical. 
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EXaMPTiT: 3 Use of gynthetic BPTI sub-domain as 
immunogenic pep-bldes 
Antibody production in three rabbits injected witli 
the alpha/beta BPTI peptide complex of the present 

5 invention was assessed in the following manner: 
Prior- to injection, animals were bled to provide 
pre-injection (baseline) values. Animals, were 
subsequently injected with the alpha/beta complex as 
described- previously; the complex was administered in an 

10 adjuvant in a series of doses. Animals were siibsequently 
bled -and thai r sera assayed, using an ELISA technique, 
for alpha/beta amtlbody production (binding of native 
BPn to antibodies raised against the alpha/beta 
complex) • Results (pre- and post- injection) are 

15 presented Jji - the Table and represented graphically in 
Figure -11. In one of the three rabbits (278), the 
resultis: clearly demonstrated that the complex is an 
effectxve -antigen • 

THE'TABIiE 0>D^ at 410 KM 

20 LOG Dili PKE. 276 1ST 276 PRE 277 1ST 277 PRE 278 1ST 278 



25 



1 


CONC. 


0.058 


0«083 


0ol30 


0.152 


0.041 


1.079 


2 


1 


0*053 


O.078 


0.071 


0.082 


O.035 


1. 679 


3 


2 


0,024 


0.029 


0.018 


0.039 


0.028 


G.960 


4 . 


3 


0.001 


o.oox 


-0.001 


0.002 


-0.002 


0.283 


5 


4 


-0.006 


-0^009 


-0.008 


-0.009 


-0.009 


0,035 
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EXAMPIiE 4 Characterization of the structure of Alpha, 
Beta and Alpha/Beta complex High Hesolution 
Nuclear Magnetic Resonance ("^H NMR) 
"^H NMR. spectra were obtained on a home-built NMR 
5 Spectrometer- at 500 MHZ (National Magnet I^aboratory, 

M.I^T,)- Purified alpha/beta complex was pre-exchanged 
with-D^O, lyophilized and taken up in 99.995% D^O to a 
concentration of 27 mg/ml* The pH of the resulting 
solution was approximately 5.0. The ^H NMR spectra were 
10 collected - using a simple one-pulse sequence with a 

recycle delay of 3 seconds. Approximately 80 scans were 
collected for each spectrum. Chemical shifts were 
referenced -to an internal standard of TMSP 
(Trimethylsilylpropianate) . Temperature was maintained 
15 to precision of ±.1^C. 

circular- Dichroism Spectra 

The- CD- spectra of alpha, beta and alpha -beta complex 

were :obtained on ein AVIV 60H CD spectrophotometer . 

Temperature was controlled using an HP 89100A 
20 thermoeiectric temperature controller. Spectra were 

colXectedi-at various temperatures and wavelengths and 

were corrected by subtraction of a buffer blanJc collected 

at each: temperature. The concentration of peptide was 

0.1 mg/ml-in- a buf f ers consisting of 5mM potassium phos- 
25 phate, O.lM- potassium fluoride at pH 6.7 or 0.2 M sodium 

siilfate, 10 mM disodium hydrogen phosphate at pH 6.0. 

Spectra of alpha and beta were collected in the presence 

of DTT. 
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Two Dimensional NMR Speci:roscopy 

Double-=-quantum COSY, RET AY, TOCSY and phase- 
sensitive NOESY spectra (800 t^ X 204S t^) were collected 
on a 500 MHz . Bruker spectrometer at the Fox Chase Nedical 

5 Center (Philadelphia, PA) with a recycle delay of 2.5 

sec. The -mixing times for the NOESY spectra were 250 or 
350 msec. Peptide concentration was 15 mM. A sweep 
widttuof 5 kHz was used in both dimensions, and a phase- 
shifted sine?-bell function was used to ehhcuice resolu- 

10 tion* Def initive assignments that served as starting 
points: for:: the. sequential assignments were made as 
follows: The methyl resonances of Aia-25 and Ala-48 were 
assigned-using alpha/beta complex variants which con- 
tained- deuterated alanine (introduced by peptide 

15 synthesis) at those sites ♦ The methyl resonances of the 
only leucine, r^u-29, were assigned on the basis of the 
unique^ COSY pattern. The methyl resonances of Thr-54 and 
Thr--T32, which- are the only threonine residues found in 
alpha: andi betav peptides, respectively, were assigned 

20 first in spectra of the isolated peptides at high 

temperatures (€0'C) on the basis of their COSY patterns 
and -intrinsic chemical shift values . These assignments 
were-then- tretnsf erred to spectra of alpha/beta complex at 
60 'C (i.e., unfolding conditions) and the resonances were 

25 followeA^as: a function of temperatxires to 4*^C* From 
these starting points, sequential assignment strategies 
were used. Wuthrich, K. , sugra. 



30 



Ultra-violet Absorbance Spectra 

The . ultra-violet absorbajice spectrum from 325 to 250 
nM. of alpha beta complex was obtained at vaxious 
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tempeira-bures on an AVIV Model USDS spectrophotometer. 
Alpha— beta complex was dissolved in the same buffer used 
for CD spectra to a concentration of 3 mg/ml ♦ The 
difference in absorbance at 285.5 nM between the spectrum 
5 obtained -at various temperatures and that obtained at 2^C 
was calculated using spectral subtraction . 

Utility 

Peptide complexes and methods disclosed herein are 
useful in creating peptide complexes, which include at 

10 least two short peptide units, each of which corresponds 
to the amino acid sequence of selected regions of a 
protein of interest and which are joined in such a manner 
that -^the peptide units interact in much the same way that 
the regions of the intact or native protein which they 

15 "mimic" interacts As a result, the peptide complexes of 
the present -invention also laimic the function or activity 
of the corresponding region of the intact or native 
protein* As. a result, they can be used, as described 
herein, for production of antibodies directed against 
20 them. Synthetic ligands produced according to this 

invention are especially useful in investigating protein 
binding sites. In addition, antibodies raised against 
the alpha/beta BPTI can be used for detection of 
Alzheimer's amyloid protein euid, thus, can be used in 
25 diagnos^tic :and -immunotherapeutic reagents directed 
against this . protein . 

Equivalents 

Those. skilled in the art will recognize, or be able 
to- ascertain using no more than routine experimentation, 
30 many equivalents to the specific embodiments of the 
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invention described specifically herein. Such 
equivalents, are intended to be encompassed in the scope 
of the following claims. 



CLAIMS 



A mathod of msiJcing a peptide complex comprising 
covalently bonding at least two short peptide units, 
each of which corresponds in amino acid sequence to 
an amino acid sequence in an intact protein of 
interest vhich forms defined secondary structure in 
the intact protein of interests 

A peptide complex produced by the method of Claim 1- 

A method of Claim 1 wherein each short peptide unit 
is from. approximately five amino acid residues to 
approximately 30 amino acid residues, inclusive, in 
length, 

A peptide complex produced by the method of Claim 2. 

A method of Claim 1 wherein the covalent bonding is 
disulfide bonding* 

A peptide complex produced by the method of Claim 5* 

A method of making a peptide complex which comprises 
at least two short peptide units, the amino acid 
sequence -of each short peptide unit corresponding to 
the_ramino acid sequence of a segment of an intact 
protein of interest, and which has stable structure 
in- aqueous solution, the method comprising joining 
at ieast a first short peptide unit which 
corresponds to a first segment in the protein of 
interest which folds into an alpha -helix in the 
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intact protein of interest and a second short 
peptide, unit which corresponds to a second segment 
in the protein of interest which folds into a 
betarrsfaeet in the intact protein of interest, the 
5 first region cind the second region interacting with 

each other in the intact protein of interest • 

8. A peptide complex produced by the method of Claim 7, 

9, A- method of Claim 7 wherein the first short peptide 
cindi-the second short peptide is each approximately 

10 from: five amino acid residues to 30 amino acid 

residues, inclusive, in length. 

10- A. peptide complex produced by the method of Claim 9. 

11 • A -method of Claim 9 wherein the short peptide units 
are joined by covalent bonding. 

15 12. A- peptide complex produced by the method of Claim 

llo ' - 

13. A.method: of making a peptide complex which, in 

ac^aeous: solution, has a stable strructure similar to 
the-- structure of regions of a protein of interest,. 

20 the: method comprising: 

a. selecting at least a first short peptide unit 
andla second short peptide unit,, the first short 
pept:ide unit having an amino acid sequence 
corresponding to the amino acid sequence of a first 

25 region of the protein of interest and the second 

short" peptide iinit having an amino acid sequence 
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corrssponding to the amino acid sequence of a second 
region of the protein of interest, the first region 
and the second region interacting with one another 
in the protein of interest, and 

5 b- joining the first short peptide xinit and the 

second short peptide unit by at least one covalent 
bond such that the two peptide units interact with 
one another in a manner similar to the interaction 
between the first region and the second region in 

10 the protein of interest • 

14. A method of mcJcing a peptide complex comprising at 
least two peptide units , which forms a stable 
structure -in aqueous solution, comprising joining: 
a. a fixst peptide unit of from approximately five 

15 to approximately 30 amino acid residues, inclusive, 

the. sequence of which includes at least one cysteine 
res±due~and corresponds to the amino acid sequence 
of V a first region of defined secondary structure of 
a protein of interest and 

20 b. a second peptide unit of from approximately 

five to approximately 30 amino acid residues, 
inclvisive, the sequence of which includes at least 
one cysteine residue and corresponds to the amino 
acid sequence of a second region of defined 

25 secondary structure of the same protein of interest 

as in a) , 

the first peptide unit and the second peptide unit 
being joined by at least one covalent disulfide bond 
between the cysteine residue in the first peptide 
30 unit- and the cysteine residue in the second peptide 

unit. 
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15. A- peptide complex produced by the method of Claim 
14. 

16. A -method of making a peptide complex comprising at 
least two short peptide units, comprising joining by 

5 disulfide bonding: 

a. a first peptide unit of approximately 14 amino 
acid residues, the amino acid sequence of the first 
peptide -unit corresponding to the amino acid 
sequence, of a segment of boyine pamcreatic trypsin 

10 inhibitor which includes at least one cysteine 

residue- and which folds into an alpha-»h.elix in 
bovine pancreatic trypsin inhibitor and 

b. .a. second peptide unit of approximately 17 amino 
acid residues, the amino acid sequence of the second 

15 peptide unit corresponding to the amino acid 

sequence of a segment of bovine pancreatic trypsin 
inhibitor which includes at least one cysteine 
residue and which folds into a beta-sheetiin bovine 
pancreatic trypsin inhibitor^ 

20 17- A peptide complex produced by the method of claim 
16. 

18. A peptide complex comprising at least two short 
peptide xmits: 

a) a first short peptide unit whose amino 
25 acid sequence corresponds to the amino 

acid sequence of a first segment of a 
protein of interest which forms defined 
secondary structure in the protein of 
interest and 



wo 89/01943 



PCT/US88/03033 



-41- 

b) a second short peptide unit whose amino 
acid secjuence corresponds to th0 ainiTio 
acid sequence of a second segment of the 
same protein of interest as in a) which 
5 forms defined secondary structure in the 

protein of interest^ 
the^ first short peptide unit and the second short 
pep1d.de unit joined by covalent bonding. 

19, A peptide complex of Claim 18 wherein the two short 
iO peptide units are each from approximately five amino 

acid residues to approximately 30 amino acid 
residues, inclusive^ in length and each includes at 
least one cysteine residue and the covalent bonding 
is disuXf ide bonding between a cysteine residue in 
^5 the first short peptide xanit and a cysteine residue 

in the. second short peptide unit. 

20^ A pep±:ide complex of Claim 18 wherein the amino acid 
sequence of the first short peptide additionally 
comprises amino acids corresponding to the amino 

20 acid sequence of a third segment of the intact 

protein which enhances the stability of the peptide 
comprex, the amino acid sequence of the second short 
peptide 'additionally comprises amino acids 
corresponding to the amino acid sequence of a fourth 

25 segment of the intact protein which enhances the 

stability of the peptide complex, alone or in 
combination - 
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21» A peptide complex comprising: 

a. a first peptide, of from approximatfely five to 
approximately 30 amino acid residues, inclusive, in 
length, having an amino acid sequence corresponding 

5 to the amino acid sequence of a segment of a protein 

of interest which forms an alpha-helix or a 
beta-sheet in the protein of interest and 

b. a second peptide, of from approximately five to 
approximately 30 amino acids, inclusive, in length, 

10 having an amino acid sequence corresponding to the 

amino. ac±d sequence of a segment of the same protein 
of -interest as in a) which forms an alpha-helix or a 
beta-sheet in the protein of Interest, 
the first peptide and the second peptide being 

15 joined by at least one covalent bond. 

22. A peptide complex comprising; 

a. a first peptide, approximately 14 amino acid 
residues- in length having an „ amino - acid sequence 
corresponding to the amino acid sequence of a 

20 selected segment of bovine pancreatic trypsin 

inhibitor which forms an alpha-helix in bovine 
pancreatic trypsin inhibitor and which includes at 
least one cysteine residue and 

b. a: second peptide,, approximately 17 amino acid 
25 res±dues--in length, having an amJLno acid sequence 

corresponding to the amino acid sequence of a 
seleeted segment of bovine pancreatic trypsin 
inhibitor which forms a beta-sheet in bovine 
pancreatic trypsin inhibitor and which includes at 
30 least one cysteine residue, 

the first peptide emd the second peptide joined by a 
disulfide- bond - 
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23. A peptide complex comprising: 

a» a first peptide Unit iiaviny the followiiig aiSLino 
acid sec[uence: 

Aan-Asn-Phe-Lys-Ser-Ala-Alu-Asp-Cys-Met-Arg-Thr-Ala- 
5 Gly-Gly-Ala ctnd 

a second peptide unit having the following 
amino acid sequence: 

Arg-Tyr-Phe-Tyr-Asn-Ala-Lys-Ala-Gly-Leu-Cys-Gln-Thr- 
Phe, 

10 the first peptide linit and the second peptide unit 

being joined by a disulfide bond. 

24. A peptide complex comprising at least the following: 
a. a first peptide unit of from 5 to 3 0 amino acid 
residues r inclusive, the amino acid sequence of the 

15 unit corresponding to the emtino acid sequence of a 

first segment of an intact protein of Interest, the 
segment -including a first portion which forms 
de fin ed: secondary structure in the intact protein 
and a- second portion which enhances the stability of 

20 the: peptide complex and 

b- a second peptide omit of from 5 to 30 coaino 
acid residues, Inclusive, the euaino acid sequence of 
the^ -unit corresponding to the amino acid sequence of 
a -second segment of the Intact protein of Interest 

25 which- forms defined secondary structure in the 

Intact protein, 

the first peptide unit and the second peptide unit 
covalently bonded. 
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25. A peptide complex of Claim 24 wlierein tiie second 
peptide unit additionally comprises an amino acid 
sequence corresponding to the amino acid sequence of 
a portion of the protein of interest which enhances 

5 the^ stability of the peptide complexc 

26. A vaccine which is a. peptide complex comprising at 
least^ two short peptide units, each of which 
corresponds in amino acid sequence to the amino acid 
sequence to the amino acid sequence of a segment of 

10 an- intact protein of interest which forms defined 

secondary structure, the short peptide units joined 
by covaleht bonding. 

27 . An- antibody capable of binding the peptide complex 
of Claim- 23- 

15 28 • An antibody capable of binding the protease 

inhi bitor y domain of ' the amyloid protein precursor ;' 

29- A method of detecting amyloid protein precursor in a 
biological sample, comprising contacting the sample 
with- an.: antibody capable of binding the peptide 
20 complex of Claim 23, under conditions appropriate 

for binding of the antibody and amyloid protein 
precursor to occur* 
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